Abstract-In order to realize the quantitative calculation of large section cable's thermal stress and thermal strain, the finite element calculation model of cable's magnetic thermal mechanical coupling field is established, which takes a large cross-section cable fixed with hoops at both ends as a modeling object. The electromagnetic losses of cable are calculated, which are loaded on the finite element model as the excitation to calculate thermal stress and thermal strain of large section cable. Results show that thermal stress of large section cable is mainly distributed on the conductor and the metal sheath, but thermal stress of the other layers of cable is smaller. The relationship expression between thermal stress of the conductor and the metal sheath and load current is proposed by the method of data fitting, which provides a theoretical reference for formulating the scientific operation strategy of large section cable.
INTRODUCTION
As an important carrier of power transmission, high voltage cables have been widely used in urban transmission and distribution system [1] . It is of great significance to improve the reliability of power cable operation to ensure the production and life of the city [2] . Due to the upgrading of urban power grid and the development needs of different customers, the demand of large section cables is increasing [3] , [4] . Similar to other electrical equipments in power grids, some latent faults of power cables appear during operation, which is affected by the changes of external environment and power operation conditions. According to the statistics of the relevant power sector, the rate of power cables' faults caused by the thermal mechanical force in Nanjing is up to 36.2 percent in recent years [5] , [6] . However, due to the lack of researches on the thermal machanical force at home and abroad, it is easy to ignore the influence of the thermal mechanical force on cables in the analysis of high voltage cable faults, then it fails to deal with the latent faults in the cable operation in time. Therefore, the research on the modeling of the thermal mechanical effects of large section cable can effectively evaluate the operating state of cable, and provide a theoretical reference for formulating the scientific strategy of the cable operation and maintenance.
Taking 220kV large section cable as the object, the magnetic thermal mechanical coupling model on large section cable for calculating thermal stress and thermal strain is established based on the finite element method. Then, the numerical and distribution characteristics of thermal stress and thermal stain of cables under different load currents are calculated on the basis of the simulation models. The relationship expression between thermal stress of the conductor and the metal sheath and load current is proposed by the method of data fitting.
II. MATHEMATIC MODEL ON CABLE'S COUPLING FIELDS
The operation process of high voltage cables is essentially the interaction of cable's electromagnetic field, temperature field and stress field. To calculate thermal stress and thermal strain of cable, it needs to study mathematical models of cable's multi-physical fields. Taking the three-dimensional model of cable under air as the research object, mathematical models of cable's electromagnetic field, temperature field and mechanical field are put forward.
A. Mathematical Model of Electromagnetic Field
The vector magnetic potential control equation of each layer of cable can be expressed as follows:
Where, T repersents the temperature (K) at any point (x,y,z) in the calculation region. λ is the thermal conductivity of the materital (W/(m·K)). q v represents the unit volume heat production rate (W/m 3 ). ρ is the material density (kg/m 3 ). c p is the specific heat capacity of the material (J/(kg·K)). For regions containing heat sources, such as conductor and metal sheath, q v is not zero. But for regions not containing heat sources, such as buffer layer and outer sheath, q v is directly taken as zero.
C. Mathematical Model of Mechanical Field
The thermal stress of cable generates internally due to cable's temperature change. Its mathematical expression can be described as follows:
Where, σx, σy, σz, δxy, δyz, δzx represent stress components. H, G represent lame constant. α is thermal expansion coefficient. ΔT is temperature difference. εx, εy, εz, γxy, γyz, γzx represent strain components. Dv is volume strain, that Dv=εx+εy+εz.
The strain components are described by the geometric equation as follows:
, ,
Where, u, v, w represent the displacement components in three directions along x, y and z axis.
The stress equilibrium equations can be expressed as follows:
Where, fx, fy, fz represent the force components of cable in three directions along x, y and z axis.
Finally, the control equations of the stress field expressed by displacement components are obtained as follows:
Where, while the cable is fixed along the direction of x axis, the corresponding u is taken as zero.
III. FINITE ELEMENT MODEL OF LARGE SECTION CABLE

A. Physical Model of Cable
Taking 220kV cable with large section as the modeling object, which is fixed with hoops at both ends, the threedimensional model of magnetic thermal mechanical coupling fields on large section cable is established to calculate thermal stress and thermal strain of cable in operation. The structure parameters of 220kV cable are shown in Table I . When modeling, the length of cable is three meter. The physical model of cable is shown in Figure I . 
B. Boundary Condition
Considering the rapid attenuation of the vector magnetic potential in the air field out of the cable, the air field is closed to the 1000mm of the cable body. The cross section of cable is set in the XY plane. The axis direction of cable is set along the Z axis. The solution domain model is shown in Figure II. 
FIGURE II. A DIAGRAM OF THE CABLE SOLUTION DOMAIN MODEL
According to the schematic diagram of the solution domain model, the boundary conditions are set as follows.
1) The boundary condition of electrimagnetic field:
The vector magnetic potential has been rapidly reduced to zero at the air domain which is at a distance of 1000 mm from the cable body. Therefore, the boundart condition of the outer solution domain can be described as follow:
The radial section of the two ends of the cable is magnetically insulated boundary condition. It can be described as follows:
Where, n  represents the boundary normal vector.
2) The boundary condition of temperature field:
The cable under air mainly transfers heat to the outside in two ways, namely convention heat transfer and radition heat transfer. The boundary condition of convection heat transfer can be described as follows:
Where, α is the convection heat transfer coefficient of the outer surface of cable. Te is the outer surface temperature of cable. Tf represents the ambient temperature.
The boundary condition of radiative heat transfer on cable surface can be described as follows:
Where, σ 0 represents the Stefan-Boltzmann constant. ε represents the surface emissivity.
Considering that the axial temperature variation of cables is small enough to be neglected, the normal temperature gradient of the radial section at both ends of cable can be zero. It can be described as follows:
3) The boundary condition of mechanical field:
Because of the pretightening force of the hoop on the cable, the axial displacement of the two ends of the cable is almost zero. It can be described as follows:
Where, u is the component of the cable displacement. There is no external force and displacement constraint on the outer surface of the cable, namely Se.
IV. ANALYSIS OF SIMULATION RESULTS
When current of 2280A enters the conductor of cable, The radial section distribution of the electromagnetic losses of each layer in cable is shown in Figure III . The calculation results of the cable electromagnetic losses as thermal loads are coupled to the model of cable's temperature field. The radial section and the axial section of
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temperature field of each layer of cable are obtained shown in Figure IV . When the conductor current is 2280A, the temperature of conductor is 89.96 °C. The temperature distribution of each layer of cable varies mainly in radial direction, and the temperature of cable axis does not change, that is, the temperature gradient of cable axis is basically zero. In the same way, the radial and axial distribution of thermal stress and thermal strain of each layer of cable can be obtained by coupling the calculation results of temperature field on the calculation model of the stress field of cable, which is shown in Figure V and Figure VI. Because the axial temperature gradient of the cable is basically zero, the heat of cable is transferred along the radial direction. Therefore, the thermal stress and the thermal strain of cable are basically unchanged along the axial direction, which mainly changes along the radial direction. From Figure V(A) , it is known that the thermal stress of the running cable mainly distributes in the conductor and metal sheath of cable, and the values of thermal stress in other layers of cable are relatively small. When the temperature of cable conductor reaches 89.96 °C, the value of thermal stress in cable conductor is 129.55 MPa, the value of thermal stress in metal sheath is 111.48 MPa and the value of thermal stress in the other layers of cable is within 2 MPa. From Figure VI(A) , it is known that the smaller value of thermal strain in the operating cable appears in the conductor and metal sheath of cable. Because the thermal expansion coefficient of metal material applied in conductor and metal sheath is smaller than that of the other layers. By the way of changing the input value of current in cable conductor, the distribution results of thermal stress and thermal strain of each layer in cable are obtained under different load currents, which is shown in Figure VII and Figure VIII . According to the simulation datas of thermal stress of cable conductor and metal sheath under different load currents, the curves of relationship between the thermal stress and load current of conductor and metal sheath can be obtained, which is shown in figure IX . By the method of data fitting, the formula is obtained which expresses the relationship between thermal stress and load current of conductor and metal sheath, as follows: 
V. CONCLUSION
On the basis of the finite element method, the calculation model of magnetic thermal mechanical coupling fields on large
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section cables is put forward in this paper. According to simulation results, conclusions can be obtained as follows:
1) The temperature field of large section cable is mainly distributed along the radial direction, and the axial temperature gradient of it is zero.
2) The thermal stress of large section cable in operation is mainly distributed in conductor and metal sheath, but their thermal strain is very small.
3) The expression of quadratic function is obtained by the method of data fitting, which describes the relationship between thermal stress and load current of cable conductor and metal sheath.
